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FUNCTIONAL AGING IN PILOTS: AN EXAMINATION OF A MATHEMATICAL
- HODEL BASED ON MEDICAL DATA ON GENERAL AVIATION PILOTS

Introduction.

In a recent series of papers Gerathewohl (1,2,3) cogently reviewed the
literature on aging in relation to efforts to develop a precise indication
- of a person’s ability to function. He also reviewed several efforts to
develop a “functional age" fndex. The development of such an index has a
very compelling intuitive basis. Fwexyone piobably knows some _
chronolegically younger persons who functien less capably than others who
are throroiogically older. ; _ . . .

_ . The most significant criticism of efforts to develop a fumctional index .
_iri-i-has been aimed at the selection of the criterion: Most of the studies have

. invalved a regression of some type using age as the criterion (1). This- .

*.. strategy, however, contains a serious flaw in that the linear composite {the
functional index) is formed by maximizing the prediction of age which is the
variable one is seeking to replace. Any study of a functional index must

" congider thim criticism. RO SRR :

) If 2 functional sge index were to be developed it would have many
applications. The application of interest in this study 1is pilot
certification. In March 1960, Federal Aviation Administration (FAA) Civil -
Afy Ragulation 40-22 vas impiementsd whith stated thav “we Endividual who
bas reached his BOPR BireRday shall be utilired or serve as a pilot on any
: ;. alrcraft engaged in afr cartrier operations." The ruling came utder immediste
'/= i\ i Jire from several groups, including the Air Line Pilots Association (ALPA).

s

Y In 1960, the FAA then began what was planned to be a 20-year study on piloet LA

7 aging at the Georgetown Clinicai Research Institute (GCRI), designed to ) 3;' '

- develop a physiological aging rating (PAR). Due partly to Federal budgetary / e
cuts, the Gegrgetown facility yis closed in 1966 and the aging project was ( fg”

- abandoned far short of its goalj(4). The recent work by Gerathewoll is the -
first major work in the FAA on functional sging since the Georgetown
project. . : o

Gerathewohl’s approach to the development of a functional age index .
involves three interacting components: (i) physiological measurement, (ii) _
psychological measurement, and (ii1) performsnce measurement. He reasoned. //(/
that if an individual were physiologically and psychologically heal:hy and _ .
could demonatrvate “sufficient ability to perform well, then that person could
safely be allowed to fly regardless of chronological age. Gerathewohl’s
‘writings reviewed several wathemstical procedures employed in efforts to

" .develop & functional age index. He regarded the FAA medical certification
. examination records as one possible source .of data that could be used im
developing an index. The purpose of the present study was to apply
" mathematical procedures to the FAA pilot medical data to examine the
feasibility of devising a linear numbering system such that (1) the
cumulative probability distributiocn functions (CPDF) for persons who are not

"g . ‘
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prior research on aging (1}, there are

tasks such as grip strength.

Measure Loading
Factor 1 (Sensory)
‘Distant Vislon
_ ~Right Uncorrected .58
‘- Left Uncorrected . .32
. Right Corrected . . .56 ..

" Left Corrected ..

. Near Vigion R
J; - Right Uncorrected
" Left Uncorrected

- Left Corrected  .;
. -Bearing '

- Right Ear RS 7 R
_ Left Ear . «79

Factor Analysis

Height

Weight .

Hearing - Left Ear

" Hearing - Right Ear o
Distant Vision-Right Eye Uncorrected
. Distsnt Vision-Right Eye Corrected

. Distant Vision-Left Eye Uncorrected
. Distent Vision-Left Eye Corrected .

visuaily in the CPDF’s. Optimizing the

-noopatholegy groups results In sm overa

. accuracy of B2X, using the discriminant

4n Table 2 for further anﬁlysis. While'these factors are congruous with -

many other varisbles in the

literature not included in our data base that better discriminate aging,
" particularly more stringent cardiovascular measures and simple performance

Table 1. Factora Associated with Age, Based on
~ Selected Pilot Medical Data

Measure Loading

Factor 2 {(Arterial-Cardiovascular)

ECC _
Having 1 defect code T «36
. . Having 2 defect codes - . - .58
.. Having 3 defect codes SRR 3 SO
.. Baving & defect codes .65
“. Raving 5 defect codes - .49

Age o .23

Faétﬁr 3'fhldodrrresure§:"

_ ... Systolte ‘ R eh8
oo Dystolic = sy
S Age .24

Table 2. Measures Selected for Analyses, Based on

‘Near Visfon-Right Eye Uncorrected
" Near Vision-Right Eye Corrected
Rear Vision-Left Eye Uncorrected
Near Vipion-Left Eye Corrected
. Urinalysis - Albumin
Urinalysis - Sugar
ECG Defect Code
Blood Pressure - Systolic
: Blood Pressure -~ Dystolic

’ 3’” Piguréﬁ llind-Z éaﬁpaf!'thé éeeu;aey 6f Sge lﬁd:fhe’discfiniﬁéﬁt index - '
“'in correctly classifying all records as
calculated classification accuracy listed on the figuree 18 reflected

pathology or nonpathology. The

prediction of pathology and _
11 accuracy of 617, uging age, and am
index. ¥Figures 3 through 5 compare
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Accuracy = 822
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o Fiéﬁre‘ﬁ. Cumulative ptobability functions fot nonpathology
... " and pathology across discriminant function score
for all records.r_}

. Nonpathology

5

- Pathology -

e

‘Clasgification ‘_ S -
_ Accuracy = 78% . : : P
1.00 - 11.00 - . 21.00 S o .
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Figure 3. Cumulative probability functions for nonpathology S N
.and pathology across discriminant scores for tiase R >
age 50 and older. -




. Baled on these tesults, 1n£arnstion from prior research vhere more
. stringent measures related to aging were enployed, and prior research that
shows a strong reiatienship between performance and aging, a possible
strategy for future study enzrges. Using the comulative probability for _
pathelogy across age, an age whecse sufficient probebility for. acute e
pathology exlsts could be selected. Por pilots sbove this age, wmore ' .
- stringent physical measures, especially cardiovasculay tests, could be made,_
and performance wmeasures could be taken during simulator snd/or actual’ '
flights. ' This data bese could be utilized to more accurately establish
pathelogy and to develop a refined, optimized discriminant fndex. Atter thé
development of the index, a sequential decision process could occur for.
- pilot certification. Persous below the selected age could be certified
througb.utilizing the usual process. -Tapsg above the selected ag

_ ased ‘on the more refined neasures aight:-no
ertified.. Pilots ith profiles with' sufficfently big 7
onpathology’ could ove to the next step, f.e.,’ ‘demmonstration of pilot -
performance. A succesaful’ denonutration of perforu:nce “could ‘then lead to
‘certification. . This strategy could pemmit pilots above the selected age ﬁi J;
vhose health profiles match those of ‘healthy persons and who can’ demonstrate
ufficient. perfornance ability to be ailowed to continue’ flyiug. while it
ould serve to identify those over the selected age whose health profiles
. mateh those -of ﬂhe pathological group and who, consequently, night not be
'fcertifted. _ . _
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